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ABSTRACT 
Distributed Generation Resources are increasingly used in distribution systems due to their great benefits. The application of DG, 
however, can cause different problems such as miss-coordination, false tripping, blinding and reduction of reach of protective 
devices. Using superconducting fault current limiters (SFCLs) is one of the best methods to minimize these problems comparing to 
the other conventional methods. In this paper coordination problem of overcurrent relays in the presence of distributed generation 
resources. The presented method is implemented on IEEE 30 buses network and the efficiency of the proposed approach is tested 
and proved. 
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1. INTRODUCTION 


In recent years, mainly due to environmental concerns and in preparation for an expected shortage of traditional fossil fuel based 
energy, distributed generation (DG) based on renewable energy sources is attracting more and more attention.. Along with its 
benefits, distribution generation may have negative impacts on the distribution system since it increases the fault current level and 
changes the direction of the flow of current in the lines during the fault situation. The most important negative consequences can be 
mentioned as false tripping, blinding and/ or reduction of reach of protective devices and missing the coordination between such 
devices. This side effect will reduce the degree of immunity of the system. 

Many corrective actions are performed to reduce the negative effects of distribution generation units on the distribution system 
such as checking the coordination of the protection devices every time that DG connects to the system (Hadjsaid 1999), using 
microprocessor-based reclosers (Brahma 2002), taking advantage of adaptive protection (Brahma 2004), decreasing the generation 
capacity or delayed operation of DGs and changing the circuit breakers and protective devices (Tailor 2008). These methods impose 
lots of expenses, are complex and do not use the total capacity of DG units; therefore, they are not accepted widely. Using Fault 
Current Limiters (FCL) is a new solution to reduce the undesired impacts of DG on the distribution system. In the normal condition of 
the system, FCL will cause no voltage drop or loss in the system; while in fault condition, it will decrease the mentioned impacts of 
the DG. By the use of FCLs, the number of protection devices which should be changed after installing DG in the system will be 
minimized and the coordination of the protection system would be restored. Moreover, this method is not so costly and does not 
need performing complicated protection algorithms. In (Sato 2007) the increase of the fault current with the introduction of DGs can 
be limited using SFCL. Further the instantaneous voltage sag on the normal lines can be prevented 

In this paper problems of implementing DG resources are analyzed and the impact of DG on Over Current Relays (OCR) is 
presented. In order to mitigate these problems FCL is used. Coordination problem of overcurrent relays in the presence of DG 
resources are solved by presenting a new approach. The presented method is implemented on IEEE 30 buses network and the 
efficiency of the proposed approach is tested and proved. 


2. NEGATIVE EFFECTS OF DG ON THE DISTRIBUTION PROTECTION SYSTEM 

Installing a DG unit in the distribution network will decrease the Thevenine’s impedance seen from the fault point, since a new 
impedance is being paralleled to the system, which will increase the fault current level. Furthermore, presence of DG in a radial 
distribution network, in which all the currents are flowed from the source to the consumers, may change the current direction in 
some lines. The most important negative effects of the DG on the protection system of the distribution network will be reviewed in 
the following sections (Feng 2010): 


A.Miss-coordination Between The Protective Devices 
Since the DG unit will increase the fault current flowed through the protective devices, the coordination between protective devices 
may be lost and there may be a disorder in the sequence of operation of the main and backup protection systems. 


TABLE L PROTECTIVE PARAMETERS OF THE SYSTEM 
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B.Protection System Blinding 

This case may happen when the impedance between the beginning of the initial feeder of the network and the fault point is 
significantly more than the impedance between the DG unit and this point. In this situation, the fault current from the main source \O 
decreases according to the current division law between two paralleled impedances, which may be less than the setting current of (CY) 
the protection device. 
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C. False Tripping of The Protective Devices 
Due to the presence of the DG units in the distribution network, false tripping is mainly caused by the current flowed through the 
protective devices in the opposite direction in which they have been set and may cause unnecessary interrupt of part of the network. 


D. Reduction of Reach of Protective Devices 

Presence of DG units in distribution network may cause the upstream protective devices to sense a portion of the actual fault 
current. Hence, these devices will have inappropriate operation due to this reduction of their reach. The effect of DG units on the 
power system depends on several factors such as the technology, size and the capacity of the unit, the location of installing the unit 
and how the unit is connected to the system. Recent studies show that, among all other technologies, the units which use 
synchronous generators have the most negative impact of increasing the fault current. In order to consider the worst case in the 
presented study, the DG capacity is assumed to be the maximum available, which is a function of the total load of the feeder. 
Common installation points of DG are selected based on the environmental conditions, fuel limitations and different positions with 
respect to the protective devices. 


E. Detecting The Worst Case for The Protection System 

The number of all possible protection problems and the worst case among them should be defined in order to minimize the effect 
of each of them on the distribution network; since satisfying the protection criteria in the worst case will assure the prevention of 
other problems caused by the presence of DGs in the network. After defining the protection-evaluating indices, detection of the 
worst case is consisted of determining the worst fault location and finding the worst protective device or the worst pair of protective 
devices. Fig. 1 shows the effect of DG on increasing the fault current in case of a downstream fault. As seen in this figure, the 
impedance from the main generation/ source to the DG common coupling point is ZNet and the impedance from the DG source to 
this point is ZDG. Zth denotes the Thevenine’s impedance seen from the main source. According to these notations, the contribution 
of the main source and the DG unit to the fault current are obtained from the following equations, denoted by |Net and IDG, 
respectively. 


Figure 1 The Typical System to Show the Participation of the DG in the Fault Current 


___4tn*Znet__ | 2DG 


IpG= ing@*————_—_ & 
DG 7th +ZNet*ZpDG * Zth +ZNet*ZDG 


According to the above equations, the negative effect of DG on the protection system becomes more severe by an increase in the 
distance from the main source to the fault point, hence an increase in the amount of ZNet, and also a decrease in the distance 
between DG and the fault point which is the same as a decrease in the amount of ZDG with an increase of the capacity of the unit. 


3. APPLICATION OF SFCL 


A Fault Current Limiter (FCL) is a device for detecting, triggering and limiting fault currents in power systems. An ideal FCL works in 
low impedance at standby state thus causes little contribution to power loss of a healthy system. However, it rapidly converts to a 
high impedance when a fault occurs, decreasing the fault current. Among all types of FCL, the usefulness and usability of Super- 
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conducting Fault Current Limiters (SFCLs) are widely investigated due to the advantage of inherent self-triggering, fast response and 
self-recovery. The quenching and recovery characteristics of a resistive type SFCL can be described as follows: 


0 t<t, 
1 
Rerex(t-3R,|1-exp| 1 £\ Pt, <t< 
srct(t) i aa exp T dg = t, 
\ F 


a(t-t,)+b t>t, 


In this Equation Rn refers to the maximum resistance of the specific SFCL, TF refers to the time constant of transition from the 
superconducting state to the non-super- conducting state, while tf and tr are the time intervals for SFCL starting quenching and 
starting recovery respectively. Variables a and b are constants related to recovery characteristic. 

The impact of the SFCL on a connected DG unit during fault conditions is determined by its current limiting performance on the 
DG current. A model of DG-SFCL unit has been developed in the environment of PSCAD/EMTDC (El-Khattam 2008). To illustrate the 
SFCL performance Figure 2 depicts the DG fault current contribution la resulting from a simulated fault in the network, with la0 
depicting the non-limited DG fault current contribution as a reference. Here, the quenched impedance of SFCL is selected equals to 
the line impedance of the small system. 


Fauk current (kA) 


# i iB 4 4 1 i 
#06 297 2.98 2.99 3 3.01 3.02 3.03 


Figure 2 DG fault current limitation by a SFCL 


As can be seen in Figure 2, the peak value of fault current laO before the installation of a SFCL (approximately 1.8 kA) is more than 10 
times of the normal operation current (the magnitude is around 150 A). By in-stalling a SFCL in series to the DG, this fault current 
peak can be limited by around 50% (being reduced to about 1 kA) of its non-limited value. Note that the cur-rent limiting 
performance greatly depends on the non-superconducting impedance of SFCL, which will be discussed later on. 


4. SIMULATION RESULTS 

A. Case Study 

The test network used in this study is IEEE 30 bus network. The single line diagram of this network is illustrated in the figure 3. As 
illustrated, this network consists of two 32 kV and 132 kV voltage levels. Further information of this network is presented in (Christie 


CO 

2008). = 
lof 9) 

oO 

jae 


Ali Saemi and Jalil Ghahramani, 


Using Super Conductive Fault Current Limiter to Retrieve the Protection Coordination of Networks in the Presence of Distributed Generation, 
Indian Journal of Engineering, 2016, 13(32), 135-141, 


ARTICLE 


Figure 3 Distribution section of IEEE 30 bus test network 


Information of lines, generators and transformers of the IEEE 30 bus network is presented in (Christie 2008). There are two 
directional OCR at the ended and in the beginning of each line. Therefore, there are 38 directional OCR in the network. Equation of 
characteristics of OCR and earth fault relays is considered as the following equation. 


ane as +B, M at 
TSM (MM) -1 I, 


B. Simulation Results 

Installing DG resources increases short circuit level of the network and especially in the buses which are closer to the resources. This 
increase in the short circuit level of buses, reduces the operation time of relays. Operation time of all main and back up relays of the 
network, and time difference of each paired relays are presented in the Table 2. 


Table 2 The Operation Time of OCR in the Existence of DG and Without FCL 
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The number of backup 
The operation time of 
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According to Table 2 there are 14 cases in which the coordination of OC pair relays is lost. 


5. CONCLUSION 

In this paper, superconductive fault current limiter is used in series with the DG unit to minimize the negative effects of the DG on 

the protection system of the distribution network. The main negative effects of DG on the protection system are miss-coordination, = 
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false tripping, blinding and reduction of reach of the protection devices. The presented method is tested on IEEE 30 bus network and 
results proved that the coordination between OC paired relays is achieved after implementing FCLs with acquired impedances. 
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